The study was performed for birds living around Junam Reservoir, a representing place for migrant birds in Korea for 10 times from February to December (except November) in 2011. The result states that a total of 11,742 individuals, 102 species, 41 families and 13 orders of birds were found around the reservoir and anseriformes including Anser albifrons (16.42%), Anser fabalis (14.44%), Fulica atra (14.08%), Anas platyrhynchos (10.01%), Anas clypeata (7.70%), Aythya ferina (6.88%) and Anas poecilorhyncha (6.59%) are dominant species. By seasons, winter shows high frequencies of types, number of species, number of individuals and diversity. The result of comparing individuals of swans from 1989 to 2011 shows large fluctuation of individuals, irregular repetition and the number of individuals gradually decreases. The number of geese, dabbling ducks and diving ducks between 1999 and 2011 shows gradual increase. Number of species and individuals of birds in the Junam Reservoir have increased and it is estimated that about between 12,000 and 14,000 individuals of 60~65 species spend winter. The reservoir is important as a habitat for migratory birds, as well as ecological study. It requires administrative supports to provide stable environment for birds to spend winter.
Introduction
The Junam Reservoir is located in the southern land of Korea and is one of major habitat for winter migratory birds including the Nakdong Estuary, Upo Swamp, the Han River, the Geumgang Estuary and Cheonsu Bay (Yu and Hahm, 1994; Hahm, 1997; Hamn et al., 1999) . In addition, the reservoir is used as a space for ecological studies for students and people by forming facilities for ecological features and the 10th Ramsar Convention was held in Changwon City with the center of the Junam Reservoir.
The reservoir is known as a major habitat for water birds during the winter (Yu and Hahm, 1994; Hahm et al., 1999) and a resting and vegetarian diet place for ardeidae including black-crowned night heron (Nycticorax nycticorax), summer migratory birds. Also, Geese including natural monument, white-naped crane (Grus vipio) and swans spend winter (Park and Won, 1993; Hahm, 1997; Hahm and Kim, 2001 ) and more than 20,000 individuals is the Anas formosa under the threat of extinct come to spend winter (Allport et al., 1990; Yu and Hahm, 1994; Kang and Cho, 1996) . There are many studies on bird groups in 1980s and 1990s. After that, however, the Ministry of Environment performs the only simultaneous census of birds in winter.
In this trend, the study was performed as basic information to protect and preserve Junam Reservoir as a habitat for migratory birds by investigating seasonal distribution and changes of birds living in the reservoir through 10 times investigation between February and December 2011.
Materials and Methods

Study areas
The Junam Reservoir is located in Dong-eup, Changwon-si *To whom correspondence should be addressed.
Tel (Fig. 1) . Large agricultural land around the reservoir plays a role as a major passage and food supply. The existing vegetation of the survey area has the dominance of Zizania latifolia community, Salvinia natans community, Miscanthus sacchariflorus community, Nelumbo nucifera community, Euryale ferox community, Numphoides peltata community, Phragmites australis community, Setara chondrachne community, Salix koreensis community, Eichhornia crassipes community, Trapa japonicaCeratophyllum demersum community (Changwon City, 2005) .
Study methods
The study surveys the avifauna around the Junam Reservoir for a total of 10 times per month from February to December (except November) 2011 and consists of the spot census which calculates the total individuals in bird clusters or major observation points and the line transect which records birds shown up by walking around the reservoir at 2km/h (Bibby et al., 1992) . The birds were observed by binoculars (10x25, Nikon) and telescopes (x15 ~ 45, Nikon) and by sounds for birds not seen inside forests. The tally of the survey results refer to the Illustration Flora & Fauna of Korea, vol. 25 of animal (bird ecology) by Won (1981) and A Field Guide to the Birds of Korea (Lee et al., 2000) by regions and the Natural Monuments of Korea in Color (Yoon et al., 1998) and Endangered and Reserved Wild Species in Korea (Won and Yoon, 1998) Formulas used to analyze the survey results are as follows (Brower et al., 1990; Shannon and Weaver, 1949; Margalef, 1963) . 
Result
Birds observed
The result states that a total of 11,742 individuals, 102 species, 41 families and 13 orders of birds were found around the reservoir and anseriformes including Anser albifrons (16.42%), Anser fabalis (14.44%), Fulica atra (14.08%), Anas platyrhynchos (10.01%), Anas clypeata (7.70%), Aythya ferina (6.88%) and Anas poecilorhyncha (6.59%) are dominant species (Table 1 , Fig. 2 ). Based on the simultaneous census of birds in winter performed by the Ministry of Environment from 1999 to 2010 and the survey result conducted in December 2011, the number of species and individuals of birds recorded in the Junam Reservoir show increase (Fig. 3) . The number of species was less than 40 in 2005 but increased to more than 60 from 2006. It is considered that the survey mainly based on water birds in the reservoir contains passeriform and there are about 60~65 species of birds around the reservoir. In addition, the number of individuals was less than 10,000 in 2005. However, it has increased to more than 10,000 in since 2006, sharply increased to more than 20,000 in 2008 then maintained between 12,000 and 14,000 individuals.
Birds observed by month
Comparing number of species and individuals on months, December marks the highest 56 species, followed by 51 species in February 41 species in March and 33 species in May and June shows the lowest 17 species. In addition, December shows the largest individuals of 9,000 in December, followed by 4,012 individuals in October, 2,637 individuals in February, 1,469 individuals in March and the least number is 190 individuals in June (Fig. 4) . The ni N ----- number of individual increases from October when wintery migratory birds come, peaks in January and decreases from March (Yu and Hahm, 1994; Hahm et al., 1999) and summer hits the bottom. The fact that winter marks the highest number of species and individuals shows that the Junam Reservoir is a major habitat for wintery migratory birds.
Comparing species diversity and richness on monthly basis, the former ranges 1.11 to 2.93 with the mean value of 2.11 and May marks the highest and August marks the lowest figure. The latter ranges 2.89 to 6.35 with the mean value of 4.33 and February marks the highest and August marks the lowest figure (Fig. 5) . The species diversity of the reservoir is also high in winter when types and individuals 
Birds Community Changes by Groups
The comparison of individuals of swimming birds on yearly basis of swans, geese, dabbling ducks and diving ducks (including little grebes and Eurasian coots) are shown in Fig. 6 .
Swans
The swans include Cygnus cygnus and C. columbianus and the data are based on previous research data from 1989 to 2010 (Hahm and Kim, 2001; Ministry of Environment, 2004; 2005; 2006; 2007; 2009; (Fig. 6 ). About 4,000 individuals are estimated to spend winter in Korea (Won and Yoon, 1998; Yoon et al., 1998) and it is known that about 50%, 2,000 individuals, stays in the Nakdong Estuary (Yu et al., 2009; Yu et al., 2010) . It is found that the average individuals which spend winter are 350 individuals ranging between 39 individuals (2004) and 1,034 individuals (2003), showing that the reservoir plays an important role as a wintery habitat for swans.
Geese
Geese include Anser fabalis, A. albifrons and A. cygnoides the data are based on previous research data from 1999 to 2010 (Hahm and Kim, 2001; Ministry of Environment, 2004; 2005; 2006; 2007; 2009; (Fig. 6) . 
Dabbling ducks
Dabbling ducks except swans and geese include Anas platyrhynchos, A. poecilorhyncha, A. formosa, A. penelope and A. clypeata. The data are based on previous research data from 1999 to 2010 (Ministry of Environment, 2004; 2005; 2006; 2007; 2009; (Fig. 6) . It is estimated that between 8,000 and 9,500 individual dabbling ducks including swans and geese visit the Junam Reservoir.
Diving ducks
Diving ducks include pochards, mergansers, grebes and coots. The data are based on previous research data from 1999 to 2010 (Ministry of Environment, 2004; 2005; 2006; 2007; 2009; and the survey data in December 2011. The result ranges 586 individuals (2003) to 3,292 individuals (2007) . Overall, the individuals tend to increase and it is estimated that about 2,700 individuals have visited the reservoir since 2005 (Fig. 6 ).
Government protected species
The government-protected species recorded in the survey are 2,391 individuals of 19 species including 10 species of birds of prey including Pandion haliaetus, followed by 5 Anseriformes, 2 Gruidae, Ciconia boyciana and Platalea leucorodia. There are 14 species of natural monuments and 16 species of endangered species including 4 Class I and 12 Class II (Table 2 ).
Discussion
The total of 11,742individuals, 102 species, 41 families and 13 orders were observed in the Junam Reservoir during the study period, 127 species, 31 families and 12 orders are found in the Nakdong Estuary (Hong, 2009 ) and 86 species, 35 families and 13 orders are found in the Upo Wetland (Kang and Hahm, 1997) , showing that the figure of the reservoir is larger than that of the wetland. In addition, 104 species are found in the Geumgang Estuary, another habitat for migratory birds including 71 species excepting Passeriformes (Lee et al., 2001) and 67 species including birds of prey are found in the Han River (Kang et al., 2008) . Also, it is reported that 52 species, 69 species and 84 species of water birds including birds of prey are found between 1999 and 2000 , 2002 and 2003 , respectively (Kang et al., 2011 . Despite differences in survey period, the results show that the Junam Reservoir is a major habitat for swimming birds approaching the Nakdong Estuary, the Geumgang Estuary, the Han Estuary and the Saemangeum by comparing types of water birds. Also, there are about 12,000 to 14,000 individuals of 60 to 65 species spend winter around the reservoir on yearly basis by combining the census of birds in the winter performed by the Ministry of Environment.
The dominant species in the survey include Anser albifrons, A. fabalis), Fulica atra and Anas platyrhynchos, showing large difference from the past 1990s including Anas formosa, and Anser fabalis (Yu and Hahm, 1994; Hahm et al., 1999) . The Anas formosa was the most dominant species in the past. However, the individuals have decreased since 2000 and small number of the geese is irregularly recorded. There are only 350 individuals Anas formosa in the study. Meanwhile, the 3 rd dominant species, Anser fabalis and A. albifrons, become the most dominant, showing that the pattern has changed. Until the early 1990s, the number of Anas Formosa spending winter in the Junam Reservoir reached from 20,000 to 40,000 individuals (Yu and Hahm, 1994) . Then, the number has decreased and maximum 300,000~450,000 individuals are found in the Geumgang Estuary, showing increase groups in the winter . Currently, it is considered that the groups found in the Junam Reservoir are a part of main groups.
Factors which affect the number of individuals include climate, hunting, vegetation place and moving habitat due to dearth of preys (Newton, 1998; Lee and Hong, 2008) . Water birds living in the reservoir are hardly affected by hunting or poaching but expected to be affected by decreasing food sources due to decreasing size of rice paddies from frozen reservoirs and altering agricultural land uses during the winter. In addition, fishing activities in the reservoir by residents may pose threat to dabbling ducks, as well as geese spending winter. Changwon city shall take more aggressive protection and supports for migratory birds by purchasing nearby agricultural lands and preventing residents from fishing during the winter.
